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Finally, this is a physically and intuitively appealing
characterization of black hole based on balance between
gravitational charge and ficld energy. An excellent ex-
ample of this kind of consideration is the escape veloc-
ity argument, which though gives the right result follows
from an invalid relation. It only refers to escape of par-
ticles from the gravitational field and not to one-way
character of a closed 2-surface, which is the characteris-
tic feature of the horizon. The horizon marks 1rresista-
bility of gravitational pull through gravitational charge,
as well as one-way character, no escape out of closed
surface, through space curvature caused by the field en-
ergy. These two features must define the same surface,
as the photon is the limiting case of an ordinary particle.
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RAPD analysis was done to determine intraspecific
variability in Andrographis paniculata, a popular
antipyretic and hepatoprotective drug used in tradi-
tional medicine in India. The accessions collected
from parts of India and south-east Asia on molecular
analysis revealed moderate variation within the spe-
cies. Similarity measurement using UPGMA followed
by cluster analysis resulted in § major groups based
on geographical distribution that generally reflected
expected trends between the genotypes. There were
also important exceptions like AP-48, an accession
from Thailand showing close resemblance to AP-38
collected from Tamil Nadu and AP-29 from Assam
significantly diverse from the rest of the native geno-
types. The results indicated that RAPD could be ef-
fectively used for genetic diversity analysis in wild
species of prospective value as it is reliable, rapid
and superior to those based on pedigree information.

INDIA being one of the twelve megadiversity centres has
immense biotic wealth marked by remarkable ecosys-
tem, species and genetic diversity. This rich biological
diversity is matched equally by rich cultural diversity
and health traditions, Over 7000 species out of an esti-
mated 17,000 higher angrosperms recorded from India
are reportedly used for medicinal purposes'. For effi-
cient conservation and management of medicinal plant
diversity, the genetic composition of species collected
from different phytogeographical regions needs to be
assessed. While there are a few commendable efforts to
study the genetic variation within populations ol se-
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lected medicinal plant species based on isozyme profile
in different regions of distribution?, a broad based
analysis of genetic diversity between and within the
species 1s still lacking. Molecular analysis of intras-
peciftc variation in particular may find application in
resolving disputes of taxonomic identities, relations and
authentication of the species, developing a comprehen-
sive database of genetic variability in the species for
future reference and protection of genetic diversity of
the species, 1dentification of useful genotypes that could
be developed as cultivars for field trials and sustainable
utilization through formulation of standard drugs free
from batch to batch variations. Since a vast majority of
Indian population is dependent on traditional medicine
for primary health care, and as against the recent revival
of interest in plant medicines across the globe and con-
sequent pressure on precious herbal resources, it makes
sense to rationalize the use of medicinal plants through
scientific screening and validation. In the present study
we provide evidence through RAPD assay for the occur-
rence of genetic variation in Andrographis paniculata
the Kalmegh of Ayurveda, reputed for its antipyretic and
hepatoprotective properties, wide distribution and high
adaptability in different phytogeographical zones of
south-east Asia. The genus Andrographis as a whole is
of potential significance to India as 25 out of 28 species
in the world are distributed in India with 23 of them
occurring in the peninsular region’,

A germplasm collection of 52 accessions was organ-
1zed from different parts of India, Thailand, Malaysia
and Indonesia and maintained under uniform growth
conditions. Of these 15 accessions, those displaying in-
teresting morphological .and phytochemical variations
were selected (data not shown) for further tnvestigations
(Figure 1). Total genomic DNA from the young leaves
of the plants was isolated following the modified Mur-
ray and Thompson method using CTAB. Extraction
buffer contained 1.2% PVE-40T (mol wt 40,000, Sigma,
USA) to remove high phenolic contanunants and double
CHCI, extraction at 10,000 rpm helped to remove poly-
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Figure J. Three morphovariants among the 15 accessions of A.
paniculata used in the present study.

Table 1. List of primers, their sequence and products generated
through amplification

No. of
Primer sequence Total no.  polymorphic

Primer code 5°-3 of bands bands
OPZ-01 TGTGTGCCAC 6 4
OPZ-02 CCTACGGGGA 6 3
OPZ-04 AGGCTGTGCT 11 11
OPZ-06 GTGCCGTTCA 9 9
OPZ-08 GGGTGGGTAA 12 10
OPZ-10 CCGACAAACC 8 5
OPZ-12 TCAAGGGGAC 8 8
OPZ-16 TCCCCATCAC 6 6
OPAW-03 CCATGCGGAG 4 3
OPW-05 CTGCTTCGAG 3 2
Total no. of bands 73 61
Mean per primer 7.3 6.1

saccharides. After ethanol precipitation, DNA was re-
suspended in 100 pl of I x TE buffer (pH 8.0). RAPD
assay was carried out in 25 pl reaction mixture contain-
ing 2.5 pul 10 x amplification buffer (500 mM KCl,
100 mM Tris-HCI, 1.0% Triton X-100 and 15 mM
MgCl,), 100 pl each of dATP, dGTP, dCTP and dTTP,
1.0U of Tag DNA polymerase (Promega, USA),
15 pmoles of 10-mer primer (Operon Technologies Inc,
USA) and 50 pug of genomic DNA. Amplification was
performed in PTC 100 Thermal Cycler (MJ Research
Inc, USA). The sequential steps involved: 1 cycle of 2
min at 93°C, 2 min at 35°C and 2 min at 72°C followed
by 44 cycles of 1 min at 93°C, 1 min at 36°C and 2 min
at 72°C. The last cycle was followed by 10 min exten-
sion at 72°C.
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Figure 2. Dendrogram obtained from RAPD analysis using UPGMA.

The amplified products were resolved in 1.2% agarose
gel (1 X TBE) followed by EtBr staining and the bands
detected were photographed. Amplified products which
were reproducible and consistent in performance were
chosen for scoring of shared and unshared bands. The
presence of a particular band was denoted as 1 and ab-
sence as 0. Out of the 73 amplified products using 10
nrimers, 61 were found to be polymorphic (83.56%)
with an average of 6.1 bands per primer (Table 1).
However, there were no genotype/accession-specific
products. The number of bands produced per primer
ranged from 12 (OPZ-08) to 3 (OPAW-05), with an av-
erage of 7.3 bands per primer and the products ranged in
size from 310 bp to 3500 bp. Multivariate analysis to
detect genetic similarity coefficient was performed fol-
lowing Nei and Li’s method® and the similarity matrix
obtained is shown in Table 2. Cluster analysis was per-
formed based on the matrix obtained using the computer
program PCO3D (version 1.2)* and the clusters were
represented in the form of a dendrogram (Figure 2).

The present study and similar studies on Lotus, sweet
potato, oil palm and potato®” suggest that RAPD is
more appropriate for analysis of genetic variability In
closely-related genotypes. The level of genetic variabil-
ity detected is moderately high in A. paniculata with 6.1
polymorphisms revealed per primer. The coefficient
similarity values ranging from 0.38 to 0.89 indicate that
the distribution of variation is diverse. Although A.
paniculata seems to be an inbreeder (Sabu, K. K, Pad-
mesh, P. and Seeni, S., unpublished), the mean coeffi-
cient similarity of 0.60 substantiates the moderately
broad distribution of genetic variability which can te
attributed to the broad genetic base in the origin of the
species. The dendrogram obtained through cluster
analysis revealed 5 major clusters A, B, C, D and E
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Table 2. Similarity matnx of 15 accessions of A. paniculata
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AP-06 AP-09 AP-10 AP-18 AP-29 AP-22  AP-23 AP-24 AP-25 AP-30 AP-33 AP-34  AP-36 AP-38 AP-48
APG6 1.0
APO9 084 10
AP-10 067 065 1.0
AP-IS 061 063 063 1.0
AP-29 045 042 051 029 1.0
AP22 073 065 078  0.60 0.44 1.0
AP-23 075 075 072  0.67 0.23  0.63 1.0
AP24 064 066 063  0.60 037 070 063 1.0
AP-25 070 074  0.63 (.37 063 0.73 0.79 07t 1.0
AP30 071 057 066  0.63 0.45  0.51 066 071 053 1.0
AP33 062 067 074 072 0.40  0.63 076 072  0.80 0.56 1.0
AP-34 056  0.45 043 044 0.44 0.4} 041 039 038 0.52 042 1.0
AP-36 063 066 081 070 0.41  0.63 077 061 067 0.60 0.85 038 1.0
AP-38 070 066 077 0.77 042 071 077 073 076 066 089 045 0.89 1.0
AP48 060 065 075  0.69 049  0.62 075 064 072 0.63 081 045 08 093 10

which in fact is in broad agreement with the geographi-

cal distribution of the genotypes with the exception of

AP-48 and AP-29. Cluster A with five genotypes from
different parts of Tamil Nadu (AP-33, AP-36, AP-33
and AP-10) with the exception of AP-48 (Thailand)
shared a similarity value ranging from 0.84 to 0.71 with
an average of 0.78. Inclusion of AP-48 in this cluster is
quite interesting since it is geographically distant from
the rest. It showed close resemblance to AP-38 (93%)
from Alagar hills of Tamil Nadu and least with AP-29
(49%) from Assam. It is possible that genotypes from
different geographical regions can be genetically similar
to genotypes with immediate spatial relationships. This
association between distantly located genotypes may be

attributed either to the unique and broad genetic base of

the species which enable it to maintain and exist 1n dif-
ferent gene combinations or to the possible Indian
provenance of AP-48 since A. paniculata s an 1ntro-
duced species in Thailand. Clusters B and C having
genotypes from local and distant localities of Kerala
(AP-23, AP-24, AP-25, AP-06, AP-34, AP-22 and AP-
09) respectively shared almost 71% similarity and this
association between genotypes from contiguous regions
may be the result of similar agroclimatic conditions or
due to seed movement and gene flow. Accessions from
Pune and Mangalore (AP-18 and AP-30) together con-
stituted cluster D with the apparent isolation of AP-29
as a separate cluster E. Although AP-29 i1s a native
genotype, it is found to be significantly diverse from the
rest displaying 2 maximum similarity coefficient of 0.51
with AP-10 and minimum of 0.23 with AP-23. This may

be due to ot of missing data points as the number of

primers and amplified products analysed were relatively
less, Although the data presented here are not conclu-
sive to infer the phenetic relationship between the vari-
ous accessions, Lhey reficct the utility of RAPD in the
analysis of gepetic variability distribution within this
important medicinal herb. We are currently involved 1n
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improving this analysis by scoring additional loci using
the available 10-mer primers to find correlation between
the observed chemical variatton and RAPD profile and
also to increase the number of accessions for wide and
comprehensive information about the pattern of genetic
variation distribution in this species.

In practice, better understanding of distribution of ge-
netic variation at the intraspecific level would help
identify superior genotype(s) for cultivar upgradation as
well as to evolve strategies for the establishment of ef-
fective in situ and ex situ conservation programmes.
Although such empirical determination of genetic di-
versity can be obtained by evaluating morphological,
physiological and biochemical traits, this information 1s
not available for A, paniculata and to our understanding,
this is probably the first report which deals with the
analysis of genetic diversity at the molecular level in a
native medicinal plant.
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